superoxide. [4] The complications of organophosphorus poisoning include cardiac conduction, pulmonary, hepatic, and renal disorders. [5] Malathion is a widely used pesticide belonging to the family of organophosphates. Malathion is a concentrated yellow to dark brown liquid that is widely used as an organic pesticide in agriculture. [6] It is a derivative of dithiophosphoric acid and is a phosphorus pesticide. [7] Various studies have shown that malathion is able to induce oxidative stress in the body. Fortunato et al. showed that malathion could induce the production of free radicals and oxidative stress in the brain and increase the activity of antioxidant enzymes. [8] Further, Al-Othman et al. reported an increase in malondialdehyde (MDA) level and a significant decrease in glutathione and total antioxidant activity in the liver and kidney of rats treated with malathion. [9] Increased reactive oxygen species (ROS) can induce oxidative stress and consequently lipid oxidation. [10] Oxidative stress is able to induce DNA failure and inactivation of specific proteins, which is usually followed by the loss of biologic membranes. [11] Free radicals cause lipid peroxidation in the membrane, change enzymatic activity, and induce cell damage and necrosis by attacking unsaturated fatty acids and alkylating the protein groups and other cellular macromolecules. [12] Kidney is the major organ for metabolism and disposal of malathion through urine. [13] The primary or secondary disposal of some drugs and toxins during a progressive trend usually leads to chronic renal disorders. [14] Resveratrol is a plant-derived polyphenolic phytoalexin that is produced by stilbene synthase enzyme in response to environmental stresses such as climate change, exposure to heavy metals, and infectious agents. [15] Grape skin is one of the sources of resveratrol that has 50-100 µg resveratrol per gram of its wet weight. This provides a relatively high concentration of resveratrol in grape juice. [16] Resveratrol has inhibitory effects on free radicals, has antioxidant properties, and increases a number of antioxidative enzymes. The antioxidant effects of this polyphenol depend on the properties of its polyphenolic hydroxyl groups. [17] Resveratrol contains two aromatic groups and, as an antioxidant, inhibits the oxidative stress induced by cell damage and disease. [18] Resveratrol reduces ROS from activated microglial cell lipopolysaccharides by suppressing the activity of nuclear factor-kappa β (NF-Kβ) and I-Kβ kinase. [19] Malathion has toxic effects, and resveratrol has numerous beneficial properties, especially antioxidant properties. Further, no study has ever investigated the effects of resveratrol on the malathion-induced impairments in the kidney tissue. Hence, the present study was carried out to explore the effects of resveratrol on malathion-induced impairments in the kidney of male rats.
MATERIALS AND METHODS

Animals
This experimental study was done from May 2018 to December 2018 on 48 male Wistar rats (weighing 220-250 g) at Kermanshah University of Medical Sciences. All animals were treated in accordance with guidelines of the National Institutes of Health for the care and use of laboratory animals approved by the Research Deputy at Kermanshah University of Medical Sciences based on WMA Declaration Ethic of Helsinki (Ethic number; IR.KUMS.REC.1397.518). The rats were maintained on a regular diet and water ad libitum with a 12:12-h light/dark cycle at 23°C ± 2°C in animal room of medical school of Kermanshah University of Medical Sciences by considering 1-week adaptation prior to the experiments. [12] 
Experimental protocol
The rats were randomly divided into eight groups (n = 6), including: first group, the Sham group, which received normal saline (intraperitoneally injection) equivalent to the amount of experimental groups. Second group, the control group of malathion, in this group, the rats were given malathion at a dose of 27 mg/kg (1/50 LD50) body weight per day (single dose) through gavage (the solvent of malathion was normal saline). Third to fifth groups, the resveratrol administration groups, in these groups, each animal received 2, 8, and 20 mg/kg, respectively, of resveratrol intraperitoneally for 45 days at 10 am. Sixth to eighth groups, resveratrol + malathion administration groups, in these groups, each animal received single dose (27 mg/kg) of malathion through gavage to induce kidney parameter damage, and then, they received 2, 8, and 20 mg/kg, respectively, of resveratrol intraperitoneally for 45 days at 10 am. [6, 10] 
Dissection and sampling
At the end of the treatment period, all rats were deeply anesthetized by intraperitoneally injection of ketamine HCl (100 mg/kg) and xylazine (10 mg/kg). The sampling included blood from the hearts (at least 1 ml per animal) for evaluating the urea, creatinine, total antioxidant capacity (TAC), and nitrite oxide level. The animals were then sacrificed. The left kidney was removed for histological and morphometric examinations and the right ones for the MDA level estimations, in respect of the groups. [11] The tissue preparing and staining
The nonparenchymal tissues of removed left kidneys were dissected, and the preparing paraffin-embedded blocks were gotten using automatic tissue processor. The steps of this process were consequently included fixation with 10% formal saline, dehydrating by raised a doses of ethanol clearing by xylene, and embedding in soft paraffin (5-µm coronal histological thin sections were cut from paraffin-embedded blocks, undertaken by a microtome instrument, Leica RM2125, Leica Microsystems Nussloch GmbH, Germany), and five sections per animal were chosen. The hematoxylin and eosin staining was implemented. At the end of tissue processing, the stained sections were assessed under Olympus BX-51T-32E01 research microscope connected to a DP12 camera with 3.34-million pixel resolution and Olysia Bio software (Olympus Optical Co., Japan). [10] The histological quantification
In this study, both qualitative and quantitative histological parameters were evaluated. Qualitative histological involved scoring of the sections by monitoring intracellular vacuolization, tubular dilatation, vascular congestion, intratubular proteinaceous casts, and tubular cell detachments. Quantitative renal tissue changes included estimation of the number and the diameter of renal corpuscles as long as urinary space (Bowman's space) enhancement. For this reason, five sections/animal and five random fields for each section (25 fields totally) were captured at × 100 and × 400 magnifications, respectively, by the connected camera to the microscope. The field's selection was done by zigzag form of monitoring of the round or nearly rounded renal corpuscles by a blind observer using a specialized software package (AE-3; Motic S.L.U., Barcelona, Catalonia, Spain), respectively. Briefly, the diameter of each renal corpuscle was estimated as the mean length of two drawing lines, vertical to each other, that connected the distance between opposed basement membranes of the outer cell layer. The Bowman's space, the distance between the outer and the inner cell layers, was estimated by drawing at least four lines (in opposed directions) that connected these two layers, and the mean measured amount of these lines was considered as the space volume. [11] Evaluation of blood urea nitrogen and creatinine Blood serum was collected by centrifuging of the samples separately and stored at − 80°C until analysis of blood serum urea nitrogen and urine creatinine as two functional universal biomarkers of the kidney. The concentrations of blood urea nitrogen (BUN) and creatinine were analyzed in triplicated with a commercially available assay kit (Bioassay System, USA) in accordance with the instructions. [10] Measurement of renal malondialdehyde MDA levels in the right renal tissues were evaluated as an index of lipid peroxidation. In this regard, homogenizing of the samples was carried out by homogenization buffer containing 1.15% KCl solution, and the specimens were centrifuged at 1500 g for 10 min. Then, the homogenated subjects were added to a reaction mixture containing, acetic acid (pH 3.5), thiobarbituric acid, and distilled water. Following boiling the mixture for 1 h at 95°C and centrifuging at 3000 g for 10 min, the absorbency of the supernatant was measured by spectrophotometry at 550-nm light length. [20] Estimation of renal total antioxidant capacity To measure the TAC, an acquisition kit (Cat No: TAC-96A, ZellBio GmbH, Germany) was purchased, which was the basis for the oxidation colorimetry resuscitation. In this assay, the TAC was equivalent to some antioxidant in the sample that was compared with ascorbic acid as standard. The kit's sensitivity was equal to 0.1 mM and final absorbance was read at 490 nm, and unit conversion was performed. [20] 
Estimation of nitrite oxide levels
Griess technique uses zinc sulfate powder to eliminate the serum protein of the samples. Accordingly, zinc sulfate powder (6 mg) was mixed with serum samples (400 µl) and vortexed for 1 min. The samples were centrifuged at 4°C for 10 min at 12,000 rpm, and supernatant was used to measure the nitrite oxide. Briefly, 50 µl of sample was added to 100 µl of Griess reagent (Sigma; USA), and the reaction mixture was incubated for about 30 min at room temperature. According to manufacturer protocol, the sample optical density was measured by enzyme-linked immunosorbent assay reader (Hyperion, USA) at a wavelength of 450 nm. [21] 
Statistical analyses
The Kruskal-Wallis test was used to examine data normality and the homogeneity of variance at a significance level of 0.05. The data were analyzed by the SPSS software for Windows version 20, (IBM, Chicago, USA) using one-way ANOVA postulation followed by Tukey's post hoc test, and P < 0.05 was considered statistically significant. The variables were represented as mean ± standard error of mean.
RESULTS
Qualitative histopathology changes in treated groups
Qualitative histopathology evaluation of renal tissue in the studied groups showed that in malathion control group, a significant increase (with score 31) was observed in all histopathological compared to the normal control group (P < 0.001). A significant decrease of these indices was observed in all resveratrol and resveratrol + malathion
Bowman's capsule diameter
The results of the Bowman's capsule diameter showed a significant increase in the malathion control group compared to the Sham group (P < 0.001). Further, there was a significant decrease in the resveratrol and resveratrol + malathion groups than the malathion control group (P < 0.001) while had no significant effect on the Bowman's capsule diameter in all resveratrol groups compared to the Sham group (P > 0.05) [ Figure 4 ].
Measurement serum levels of blood urea nitrogen and creatinine
Evaluation of serum levels of BUN and creatinine showed a significant increase in the malathion control group compared to the Sham group (P < 0.001). A significant decrease in BUN and creatinine levels was showed in all resveratrol and resveratrol + malathion groups compared to the malathion control group (P < 0.001) while had no significant effect on the levels of BUN and creatinine in all resveratrol groups compared to the Sham group (P > 0.05) [ Figure 5 ].
Malondialdehyde levels
Serum levels of MDA showed a significant increase in groups compared to malathion control group (P < 0.001). Furthermore, there was a dose-dependent significant difference between the resveratrol + malathion groups (P < 0.05) [ Table 1 and Figure 1 ].
Number and diameter of renal corpuscles
Evaluation of the number and diameter of renal corpuscles between the groups showed a significant decrease in the malathion control group compared to the Sham group (P < 0.001), but there was no significant difference in resveratrol groups compared to the Sham group. In the all resveratrol and resveratrol + malathion groups, a significant increase in the number and diameter of renal corpuscles was observed in comparison to the malathion control group (P < 0.001). Comparing the number and diameter of renal corpuscles between the resveratrol + malathion groups, there was a dose-dependent increase, but these changes were not statistically significant (P > 0.05) [ Figures 2 and 3 ]. in nitrite oxide level. On the other hand, resveratrol as a natural flavonoid decrease the diverse effects of malathion administration. It also recovers the cell damage offering by MDA decreasing and histopathology evaluations and the rate of oxidation (by calculating the amount of TAC). The current study results also showed that resveratrol is able to reduce lipid peroxidation (decreased MDA) and increase antioxidant capacity (increased TAC) of the kidney tissue. Consistent with these findings, a large body of studies has shown antioxidant properties of resveratrol. [10, 15, 17] Thus, it appears that resveratrol with its antioxidant properties could reduce MDA and increase TAC in the treatment groups by inhibiting the production of reactive oxygen species. The histopathology changes following malathion administration on renal tissue have been approved by some authors, and our results in this regard are parallel with them showing an enlargement of Bowman's space, injury in tubules of the cortex, and occurrence of dramatically change in whole tissue qualitative indices. [6, 7] The present study also indicated the recovery effect of resveratrol on renal tissue and on the function of this organ by decreasing the amounts of biochemical markers of renal function. In the present study, the serum nitrite oxide level was significantly higher in the malathion control group than in the Sham group. In all malathion plus resveratrol groups, a significant decrease was observed in serum nitrite oxide compared to the malathion control group. Nitrite oxide is a free radical that is produced in the mammalian cells and interferes with regulation of biologic processes. Administration of malathion can elevate nitrotyrosine and nitrite oxide biomarkers. [22] Nitrotyrosine is known as an inflammatory marker involved in the production of nitrite oxide. [23] Rezvanfar et al. showed that administration of malathion significantly enhanced serum nitrite oxide levels in rats, confirming the results of the present study. [24] Figure 4: Bowman's capsule changes in kidneys. *P < 0.001 compared to the Sham group. † P < 0.001 compared to the malathion control group. ¶ P < 0.001 compared to the malathion control group. Rse: Resveratrol, Mal: Malathion the malathion control group compared to the Sham group (P < 0.001). Furthermore, a significant decrease in MDA levels was showed in all resveratrol and resveratrol + malathion groups compared to the malathion control group (P < 0.001) while had no significant effect on the levels of MDA in all resveratrol groups compared to the Sham group (P > 0.05) [ Figure 6 ].
Total antioxidant capacity levels
The results of measured TAC levels in the study groups showed a significant decrease in the malathion control group compared to the Sham group (P < 0.001). Furthermore, a significant increase in TAC levels was showed in all resveratrol and resveratrol + malathion groups compared to the malathion control group (P < 0.001) while had no significant effect on the levels of TAC in all resveratrol groups compared to the Sham group (P > 0.05) [ Figure 7 ].
Nitrite oxide levels
The mean nitrite oxide in the blood serum increased significantly in the malathion control group compared to the Sham group (P < 0.001). The mean nitrite oxide in the blood serum did not change significantly in all resveratrol groups compared to the Sham group (P > 0.05). The mean nitrite oxide in the blood serum decreased significantly in all resveratrol and resveratrol + malathion groups compared to the malathion control group (P < 0.001) [ Figure 8 ].
DISCUSSION
The findings of the current research suggested that malathion administration had destructive effects on both histopathology indices and functional parameters of the kidney, oxidant-antioxidant imbalance as well, and increase Antioxidants such as resveratrol can destroy and damage the nitrite oxide system (protein enzymes, substrates, and cofactors), thereby decreasing its production. [10] Moreover, the study of Konyalioglu et al. on neural stem cells indicated the same results found in the current study, indicating that resveratrol could significantly reduce nitrite oxide level in stem cells. [25] It seems that resveratrol can decrease nitrite oxide production, induce nitric oxide synthase (NOS) isoforms such as inducible NOS (iNOS), and inhibit the activity of iNOS enzyme by exerting its effects on oxidative and nitrosative stress in microglial cells. [26] The results of the present study showed that histological damage was followed by a significant decrease in the number and size of glomeruli and a significant increase in glomerular spaces in the malathion control group than in the Sham group. In all malathion plus resveratrol groups, tissue damage repair showed a significant increase in the number and size of glomeruli and a significant decline in the glomerular spaces compared to the malathion control group. Reduced number and mean diameter of glomeruli and increased glomerular space can be followed by functional renal disorders. [11] Therefore, it can be concluded that administration of malathion significantly changes the morphology of renal glomeruli. The membrane of renal cells contains a large amount of unsaturated fatty acids, which can induce lipid peroxidation through the invasion of oxidants. Hence, lipid peroxidation as an oxidant index directly induces cell damage. [27] Seemingly, malathion induces the production of H 2 O 2 and lipid peroxidation in renal cells, thereby causing histological impairment through DNA breakdown. [6] The frequent malathion-induced histological damages reported in recent studies can be due to the production of oxidative stress and ROS in treatment with malathion. [28] The results of Gupta et al. confirmed the findings of the present study that malathion-induced hepatic damage and cell necrosis. [29] Malathion may exert its biologic effect through an electrophilic attack on the cells in tissues. [30] The protective effects of resveratrol on the kidney in the present study might have been applied through the suppression of expression of NF-Kβ † P < 0.001 compared to the malathion control group. ¶ P < 0.001 compared to the malathion control group. Rse: Resveratrol, Mal: Malathion pathway signals by this material. [31] The findings of Fujii et al. revealed that resveratrol administration reduced the production of ROS and nitrite oxide in proximal tubular cells, which is in line with the results of the current study. [32] Resveratrol appears to exert its anti-inflammatory activities through different ways such as inhibiting the expression of COX1 and COX2 and downregulation of NF-Kβ and I-Kb activities. [33] The increased BUM and creatinine due to malathion administration in the current research are indicative of glomerular damage and can be due to reduced renal excretion of this material. [34] Administration of resveratrol in this study increased the antioxidant level and decreased the BUN and creatinine levels. The findings of Ismail were in agreement with the results of the present study in that malathion administration significantly elevated creatinine and urea levels in male mice. [35] On the other hand, induced oxidative stress and elevated production of free radicals can induce glomerular necrosis and affect the renal filtration capacity. [36] The effects of resveratrol in the recent studies seem to be due to the presence of polyphenol hydroxyl groups in resveratrol, which inhibits the free radicals, provides antioxidant properties, and increases the number of antioxidative enzymes. [37] The findings of Doustar showed that resveratrol caused decreased plasma glucose, creatinine, and oxidative stress in rats, confirming the results of the present research. [38] The present study showed that malathion-induced renal damage in rats could be reduced by plant antioxidants such as resveratrol. Therefore, according to the foregoing, resveratrol can improve renal dysfunction, which has been caused by malathion-induced toxicity considering its antioxidant properties.
CONCLUSION
The results of this study showed that malathion administration would outbreak dangerous impress from the point of both histology and function. The study approves that eliminated renal oxidant-antioxidant balance as molecular advocator due to the administration of malathion would supervise cellular chain reaction, observable either with light microscopy. Resveratrol, with a dose-dependent manner, upregulates dynamically and improves oxidant system as long as lipid peroxidation following malathion administration. Finally, the antioxidant properties of resveratrol may be the main reason for its positive effect on kidney parameters; however, additional studies are required to define its exact mechanism of action.
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